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© Data transmission system and apparatus providing multi-level differential signal transmission. 



© A data transmission system which provides differential transmission of a binary interface formed by a 
plurality of binary input signals. The binary interface is encoded by an encoder into a corresponds muit.-level 
differential interface formed by a plurality of multi-level signals, such correspondence being in accordance with a 
pre-selected code conversion table, and the respective multi-level signals are transmitted over respective 
transmission channels. Upon reception at a decoder, the signs of the differences between respectrve pairs of the 
multi-level signals are detected, and in accordance with such signs binary values are assigned to respective 
binary output signals of the decoder in accordance with the inverse of the code conversion table employed for 
encoding. Differential transmission achieves immunity from common mode noise, and multi-level encoding 
permits differential transmission over fewer channels than would be required for binary differential transmiss.on. 
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FIELD OF THE INVENTION 

The invention relates to a data transmission system wherein binary data is transmitted in the form of 
multi-level differential signals over respective transmission channels, and the received signals are decoded 
5 on the basis of the signs of the differences between pairs of such signals rather than their magnitudes. A 
high transmission rate and immunity from common mode noise is thereby achieved, and with fewer 
channels than would be required for differential transmission in binary form. As used herein the term multi- 
level" refers to more than two possible levels, two levels being characteristic of binary signals. 

Transmission of binary data is most commonly effected by employing a binary single-ended interface, 
w the signals in the respective transmission channels corresponding to respective bits of the binary data. The 
group of signals on all channels is referred to as an "interface", and in the absence of noise a binary single- 
ended interface makes the most efficient use of channel capacity. Such interfaces are subject to 
transmission error when there is common mode noise on the channels; i.e., noise occurring substantially to 
the same extent on all channels, since decoding of the received signals requires detection of their 
is amplitudes relative to a fixed reference level. 

Multi-level rather than binary interfaces have been employed in order to obtain an .ncreased information 
transmission rate over a given number of channels, the value of the signal in each channel being at any of 
several possible levels which respectively correspond to several binary data bits. See, for example, U.S. 
Patent No. 4,606,046. However, such interfaces still encounter the common mode noise problem, since 
20 decoding of the received multi-levels requires comparison with a fixed reference level. - 

The problem of common mode noise in transmission can be substantially eliminated by encoding the 
binary data in differential form, each bit thereof being represented by the difference between signals on a 
pair of lines, since such a difference will not be affected by equal changes in the amplitudes of the signals 
on both lines. Also, only the sign (rather than the magnitude) of the signal difference need be detected. 
25 However, binary differential transmission necessitates two lines per bit, which increases costs. Sometimes, 
there are not even enough IC package pins available. 

Consequently, there is need for a transmission system which provides a high information transmission 
rate together with common mode noise suppression, and which requires fewer transmission channels than 
necessary for binary differential transmission. 
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SUMMARY OF THE INVENTION 

A data transmission system in accordance with the invention provides multi-level differential transmis- 
sion of binary data over a plurality m>2 of transmission channels such as wires, lines, frequency bands etc. 
The system comprises an encoder for receiving the binary input signals to be transmitted and encoding 
such binary interface into a multi-level differential interface, each multi-level signal being assigned a value at 
any of a number (n) of different levels and all such signals having different values. For optimum util.zat.on of 
channel capacity, (n) should be equal to (m). The value so assigned to each multi-level signal is denved as 
an arithmetic combination of the binary values of a respective group of the binary signals, i.e. two or more, 
such correspondence being in accordance with a pre-selected code conversion or so-called mapping 
table. The encoder supplies the respective multi-level signals to the respective transm.ss.on channels. A 
decoder receives the transmitted multi-level signals, determines the signs of the differences in values of 
respective pairs thereof, and in accordance with such sign differences assigns binary values to respective 
binary output signals, such assignments being in accordance with the inverse of the same code convers.cn 
table as employed for encoding. This procedure recovers the original transmitted binary interface. Immunrty 
from common mode noise is obtained as a result of differential signal transmission, and the number o 
channels which are required is less than would be necessary for differential transmission of the original 
binary interface. 

The invention also relates to an encoder and a decoder for use in such a system. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 shows in block form a data transmission system in accordance with the invention; 

Fig. 2. is an example of a code .conversion table for converting a binary input signal into a multi-level 

Figgis a circuit drawing of an encoder such as may be employed in the system of Fig. 1. and Fig. 3a 
shows a code conversion table for encoding and decoding; 

Fig. 4 is a circuit drawing of a decoder such as can be employed in the system in Ftg. 1; 
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Fig. 5 is a comparison of significant characteristics of single-ended and differential transmission of binary 
signals and multi-level signals. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Binary data symbols can be transmitted in the form of signals of different values over respective 
transmission channels such as, for example, the wires of a transmission bus; each permutation of signal 
values representing a particular data symbol. The simplest encoding of data into signals is binary, the value 
of each signal being at either a high (V h ) or a low (V 0 ) voltage level. Thus, two wires can carry two bits of 

o binary information, one bit per wire. A ground reference wire is also necessary. Binary differential encoding 
obviates the need for a ground wire, but at least two wires have generally been considered necessary for 
each bit since the value of each bit is then represented by the sign (+ or -) of the difference between the 
signals on a pair of wires. Thus, for encoding two bits it is necessary to employ four wires, the values of the 
bits being determined from the signs of the differences between the signals on two different pairs of such 

s wires, such as (w,-w 2 ) and (w 3 -w 4 ). Since there are six possible pairs of the four wires, at least one more 
bit could be transmitted by assigning to such bit the sign value of another pair, such as (w,-w 3 ), which can 
be chosen independently of the sign values of the first two pairs. In general, if the number of wires .s (m) 
the number (p) of different wire pairs will be *m(m-1). To make use of this, however, it is necessary for the 
signal on each wire to have more than just two possible levels. By employing additional signal levels rather 

>o than additional wires, it is possible to differentially encode a greater number of bits than the number of 

W ' re |n general a multi-level differential encoder may have (m) wires over which information is differentially 
transmitted using (n) different levels. That is, the value of the signal on each wire can be at any of the levels 
1, 2, ...n. In order to determine the values of the signals on each of the (m) wires from the differences 
25 between pairs of such signals (differential detection) two conditions should be met: 

(1) no two signals should be at the same level; and 

(2) each of the n levels should be assigned to at least one wire signal. 

If m>n, one or more signal levels will have to be assigned to at least two wires. The difference between 
the values' of the signals on that pair of wires does not convey any information, and so the information 
30 transmission rate of the wires is not fully utilized, if m<n, then for each transmission there will be some 
signal levels which cannot be assigned to wires and so cannot be used to convey any information. The 
optimum condition is achieved when m = n, i.e.,the number of channels should be equal to the number of 

signal levels. _ ,.. ■ . , 

Since each permutation of the values of the signals on all wires constitutes a symbol . Jne number of 
35 symbols which can be transmitted is n! That is. the signal on the first wire can have any of n values, the 
signal on the second wire can have any of (n-1) values, and so on to the last wire. The fcur-w.re encoder 
discussed above would therefore be capable of transmitting 4! = 24 different symbols, which exceeds 4 b.ts 
of information (2*= 16). 

The encoding operation for assigning signal values at any of n levels to n channels may oe carried out 
40 by the following algorithm: 

(1) assign any value to the signal on wire w, ; 

(2) for any wire w, from w 2 to w„.„ assign a value which differs from those assigned to wi.es w- to w„; 

(3) assign the remaining value to the signal on wire w n . 

For example, for a three-wire, three-level encoder, the three levels being V,<V 2 <V 3 . assign any of sucn 
45 levels, e.g. V 3 . to the signal on wire w, . For the signal on wire w 2 the assigned level must V-. or V 3 , e.g. 
V,. This leaves. only V 2 as the level t be assigned to the signal on wire w 3 . By encoding :■. ;ns way, it is 
seen that all wires will be at different signal levels. After transmission the values of iiv. agnals on the 
respective wires can be determined by detecting only the signs of the differences bet.ve-n vie signals on 
each pair of wires. In the present example, sorting the differences between the values n \r* signals on 
so pairs of the wires given the following results: 
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wire pairs «f™' difference wire sequence - 

(w.-w,) V3-V.X) w.> w 2 

(w r w 3 ) V,-V 2 <0 w 2 >w 3 

(w r w 3 ) V 3 -V 2 >0 *«> w 3 

Consequently, and so the signa. sequence must be V 3 on wire w , V 2 on 

on wire w. In the wire order w,, w 2 , w 3 . such signal sequence is V 3 , V,, V 2 , wh.ch is the same .as tne 
cn JUels originaily assigned to those wires. This correspondence will, of course, be true regardless of 
Tch of the levels ( v". V 2 and V 3 ) were originally assigned to the signals on the respective w,es. 
The decodinq operation can be effected using the following algorithm; 

* <* ^ differences (v ^> between the values of the sign on any pa,r w 

Dositions i and i in the wire sequence; 

(2) find the signal value v, for which S ij = 1 for at! j, and assign that signal value to wire Wi ; 

(3) disregard signal value v s and sign S^; 

(4\ reoeat steos (2) and (3) until all signal values have been assigned. 

The ! a i va ue assigned by this iterative procedure are determined by their sequent order each 
being onetve, below that of the preceding assigned signal value. The last signal value ass,gned w„l be at 

^ S^TL. is shown in block form a data transmission system in accordance with the 
inveZ A, houg ?any number of lines and signal levels can be employed to simpl.fy the descnp *on , F£ 
shows a 3-line 3-level system. It comprises an encoder 1 having three inputs for rece.ving in parallel three 
inary npu ^gnal three outputs each of which is assigned a value at any of three vol tap » eve 
V<vJv7the outputs being respectively connected to respective channels w,. w 2 , w 3 are respectively 
lne*£tc ^inpute o? a decoder 2 having three outputs at which three binary output s.gna.s are 

^^fencoder assigns signal values to the respective lines in accordance with an arithmetic combination 
o, «^v^ SSSi grouP* of the binary input signals, such assignments being pursuant to any 
lurari se ec ed code conversion table such that no two line signals will have the same vaU. , or 
' example the code conversion table shown in Fig. 2. This was formulated by ass.gn.ng a d-Herent one o the 

Jx possib e multi-level differential interfaces to each of six possible combinat.ons of the binary input signal 
3S will S noTed that since 3! =6. while 2^8, with three lines there will be two poss.ble binary input 
Lies wh cS ca c be represented and so cannot be transmitted by three-wire differential transmission 
^n^J?STw^vi the number of different multi-level interfaces is nl. while tne number o 
interfaces w" hr n formed by (p, signais is 2. When n = m, the number of *^'»^e^wj 
be *n(n-1). Since n! and TP will almost always be different, it therefore .s not P«*le •» ^ 
40 binary interfaces with respective multi-level interfaces. For example, .f n = m = 4. then p : -e *nd sc tto r*H 
h« 6 binarv sianals which can form 2* =64 different binary interfaces of wh.ch only 4! - 24 ,un be matched 
o'di SSS5~ces at the output of the encoder. ,t is possible to ^^^^ 
sianals providing 16 different binary interfaces, and employ the rema.n.ng 8 possible combinations of the 
e g cotr P outputsfor transmission of handshaking, synchronization error and other ^ 
45 Upon reception of the three multi-level signals at the decoder, the signs of the dif «. ences between 
different pairs of such signals, (w,-w 2 ), (w 2 -w 3 ) and (w,-w 3 ),are detected. As descnbed ,oove. from the 
ign o c dff rences'the values of the signals on each of the three input lines ^-n^The 
h?ee outputs are then assigned binary values corresponding to the .nput s.gnals m aj,.^ ,,«. the 
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three outputs are men dssiynou umcy v^~~ ' * . c . 0 Pr ; - lv ^nniP if thp 

same code conversion table as had been employed for encoding, as shown « J- ; am F £ -f the 

so three differences between the line signals establish that w,<w 2 ^V^^; ^ £J 

w 2 >w,>w 3 . Consequently, line w, has the signal value V 2 , line w 2 has the s.gna. value , . ^has 
the signal value V,. This sequence, V 2 , V,. V,. is seen from the code conversion 

corresponding to binary code 011. Consequently, decoder 2 assigns that sequence of . - -nary 

55 OUtP l Si encoder and decoder can be implemented in any of various types of integ, , ■ t^nol- 

ogies. including but not limited to CMOS, BiCMOS and Bipolar. For ^Jj* . ' '. i'" 

shown in Figs 3 and 4 as bipolar transistor circuits but ,t is clear that fteld-effe- . .ouid 

alternatively be used. 



4 



EP 0 458 390 A2 



The 3-level 3-line encoder in Fig. 3 receives binary input signals a, b, c of descending order of 
significance at the inputs of three successive differential amplifier stages 100, 200 and 300. Each such 
stage consists of a pair of emitter-coupled transistors coupled to a constant current source in the form of a 
transistor biased to operate on the horizontal part of its collector-current characteristic. Thus, stage 100 

5 comprises transistors 101 and 102, the emitters of which are connected to the collector of a transistor 103, 
the emitter of transistor 103 being returned to ground by a resistor 104. The base of transistor 103 is 
connected to a source of bias voltage B b) which biases it so that its collector current remains substantially 
constant. The collector of transistor 101 is connected by a resistor 105 to a supply source V d . The elements 
of differential amplifier stages 200 and 300 are the same as those of 100, corresponding elements thereof 

w being identified by corresponding numerals in the 100, 200 and 300 series. The collector of transistor 102 in 
stage 100 is cross-connected to the collector of transistor 201 in stage 200, the collector of transistor 202 in 
stage 200 is cross-connected to the collector of transistor 301 in stage 300, and the collector of transistor 
302 in stage 300 is cross-connected to the collector of transistor 101 in stage 100. The bases of transistors 
101, 201 and 301 respectively receive the binary input signals a, b, c, andtoe bases of transistors 102, 202, 

15 and' 302 respectively receive the complements of such signals a, b and c. This presumes that each input 
binary signal and its complement is available. If only single-ended binary signals are available, the bases of 
transistors 102, 202 and 302 can be connected instead to a source of reference voltage at a level between 
the levels corresponding to a "1" and a "0" value of a binary signal. The collector voltage of transistor 101 
is taken as the output signal Q1 of stage 100, the collector voltage of transistor 201 taken as the output 

20 signal Q2 of stage 200, and the collector voltage of transistor 301 is taken as the output signal Q3 of stage 
300. Q1, Q2 and Q3 together constitute a tri-level code combination which corresponds, or is "mapped", to 
the input binary signal in accordance with the code conversion ^table in Fig. 3a, the signal levels 0, 1 , 2 in 
such table corresponding to low (Vi), intermediate (V 2 ) and high (V 3 ) different voltage levels produced at 
the outputs of the encoder circuit and which preferably are equally spaced. 

25 The signal Q1 is determined by the sum of the currents through transistors 101 and 302 and so 
corresponds to the sum of the signals "a" and "c" at the bases of those transistors. If both those signals 
are a binary "0", transistors 101 and 302 will both be in a low or non-conductive state. There will then be 
minimal current in resistor 105 and so the value of signal Q1 will be at the high voltage level V 3 . If the "a" 
and the "c" signals are both binary 'T's, transistors 101 and 302 will both be fully conductive. Since only 

30 one of the transistors in each differential stage at a time can be fully conductive, and the total emitter 
current of both remains constant, if such current is denoted as one current unit there will therefore be a total 
of two current units through resistor 105. The value of signal Q1 will then be at the low voltage level V,. 
Finally, if the "a" and "c" signals are a combination of a "0" and "1", one of transistors 101 and 302 will be 
in the low conductive state and the other will be fully conductive. There will then be one current unit through 

35 resistor 105, and so the value of signal Q1 will be at the intermediate voltage level V 2 . 

Since a "1" input bit produces one current unit at the collector of the transistor which receives it, 
resulting in a one level reduction from the maximum level V 3 of the output signal at such collector, the value 
of the signal Q1 will be proportional to the difference between V 3 and the arithmetic sum of "a" and "c". If 
the value of signal Q1 is denoted V Q i, this can be expressed as: 
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V Q1 = V 3 - AV(a + c), 

where AV is the voltage difference between successive signal levels. If the signal levels V tl V 2 , V 3 signify 1, 
2 and 3, and levels 1 and 2 are the same as those for the binary values "0" and "1", this equation becomes 

V Q1 = 2-(a + 5), 

A similar analysis applies to the output signals Q2 and Q3 which respectively correspond to (a + b) and 
(5 + c), resulting In 

V Q2 = 2-(a + b). 
V Q2 * 2-(B + c). 



Applying these relationships to, for example, the first line of the table in Fig. 3a, the inpt:* binary signal 
is 001 and so a = 0, b = 0, c = 1, and also a = 1. b = 1. and c = 0. Substituting these value, -n :he above 
equations, it results that V Q1 -2, V Q2 = 1, V Q3 =0. For the second line in the table, the input ■■-•v.ry signal is 
010 and so a = 0, b = 1, and c = 0. Substituting these values in the above- equations, it res:..:-, v^i V Gi - i. 



5 



EP 0 458 390 A2 



20 



25 



30 



35 



Vq2 = 0. Vq3 = 2. The outputs corresponding to the binary signals in the remaining lines of the table are 

Sim Tl d uTd V b1" noted that although the 3-line 3-level encoder in Fig. 3 derives its outputs in accordance 
with the arithmetic sums of pairs of the binary input signals, when a greater number of interface M >* 
employed the outputs of the encoder will depend on combinations of groups of more than two of theinput 
s^nals For example, with a 4-level interface each multi-level output signal w,ll be darned from an 
arithmetic combination of a group of 3 of the binary input signals. «i 
. It should also be noted that the division of current between the transfers of any of the differential 
stages depends only on the relative base voltages of the two transistors of such state, not on the absolute 
alues of stch voltages. Consequently, if both increase or decrease by the same amount that will o taKe 
the current in the collector resistor of such stage. Thus, common mode no.se affecting both base voltages 
will have no effect on the output of such stage. 

F^ shows a bipolar implementation of a decoder for the multi-level signals 01. 02. 03 respectively 
received over the three respective lines of a transmission bus from an encoder such ae ; that ,r .fig 3^ 
Similar to the encoder, the decoder also comprises three differential amplifier stages 400, 500 
of each possib.e pair of signals, each including a pair of emitter-coupled trans,s to rs connect ed to aeon an 
current source in the form of a transistor biased to operate on the horizon tal part of -ts 
characteristic. Stage 400 includes transistors 401 and 402, the emitters of which are connate the 
collector of a transistor 403 which serves as a constant current source, the em.tter of transisto r 403 being 
returned to ground by resistor 404. The base of transistor 403 is connected to a source of bias voltage V b to 
mLS a substantially constant collector current. The collectors of transistors 401 and 402 are respectively 
Connected by resistors 405 and 406 to a source of supply voltage V, The elements of differential steges 
and 600 are the same as those of 400. corresponding elements thereof being .dentif.ed by correspond- 
ing numerals in the 400, 500 and 600 series. . ^ii a ^t„,o nf 
The respective binary outputs b, b 2 , b 3 produced by the decoder are obtained at the collectors of 
transistors 401. 501 and 601. Considering transistor 401, its collector current .s determined by the 
difference (Q1-Q2) between the line signals Q1 and Q2 respectively supplied to the bases of transistors 401 
and 402. Since the tota. current through both transistors is held constant, and can be designated I as .one 
current unit, there cannot be more than one current unit through either collector res.sor 405 o collector 
resistor 406 Consequently, there will be one current unit through resistor 405 when the ne s.gna Q at the 
ise of transistor 401 exceeds the line signal Q2 at the base of transistor 402. There wH. be «^ no , 
current through collector resistor 405 when Q1 <Q2. The collector voltage of transistor 401 which const, ute 
the binary output signal b„ therefore changes from the maximum or '1" level to the minimum or 0 level 
when the difference (Q1-Q2) changes from negative to positive. Consequently, 

bi -Sign(Q2-Q1). 

By a similar analysis, the binary output signal b 2 at the collector of transistor 501 in stage 500. and the 
binary output signal b 3 at the collector of transistor 601 in stage 600, are given by 

b 2 =Sign(Q3-Q2). and 
b 3 =Sign(Q1-Q3). 
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The table in Fig. 3a shows how these relationships result in differential decoding of the input tn-leve 
signals 01. 02, 03 to derive output binary signals b,, b 2 b,. For example, the first line of such table ,s for 
an input signal such that 01 =2. 02 = 1 and 03=0. The sign of (02-01) is therefore .negative^ esu ng m 
binary signal b, =0; the sign of (03-02) is also negative, resulting in binary s.gnal b 2 =0; and the sign of 
so S-Q^is positive, resulting in binary signal b 3 = 1 . The decoder output signals b, . b 2 , b 3 therefore is agam 

001 The second line of the table in Fig. 3a is for an input interface such that 01=2 Qi = ^ 
Consequently. (02-01) is negative and so b-. =0; (03-02) is positive and so b 2 = 1; and (01 -03) .s negative 
and so b 3 =0: The decoder outputs b„ b 2 , b 3 therefore correspond to 010. In this way the cn Q ,na. signals 

AlJho^the number of different symbols can be transmitted over an n-channel n-^ f f ^™* 
interface is equal to n!, the rate at which information can be transmitted does not .ncrease ,s ,«t as this 
wouW imp yl the value of "n" is increased. That is because, due to the time constant of channel 
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with an increasing number of signal levels a longer time is required for all signals to finally reach or ' settle 
at their assigned levels. If the amount of information that can be transmitted per unit time is denoted as the 
Information Transmission Rate ("ITR"), and the number of symbols that can be transmitted per unit time is 
denoted as the Symbol Transmission Rate ("STR"), the ITR is given by 

ITR = STR log 2 T 

where !og 2 T is the number of bits which can be represented during each transmission. 

The table in Fig. 5 shows a comparison between single-ended and differential transmission for different 
values of "n" the number of signal levels. It is seen that in the case of single-ended transmission the 
information transmission rate for a multi-level interlace is lower than for a binary differential interface, while 
the reverse is true for. differential transmission. This is due to the higher redundancy inherent in binary 

differential interfaces. ... 

While the invention has been described with reference to certain preferred embodiments thereof, it will 
be apparent to those skilled in the art that various modifications and adaptations thereof may be made 
without departing from the essential teachings and scope of the present invention as set forth in the ensuing 
Claims. 
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FIGURE REFERENCES: 

Fig. 1 left hand: 3-bit binary signal; middle: transmission channels; right hand: 3-bit binary signal. 

Fig 2 left column: value; middle column: binary code; right column: multi level code; 

Fig 5- left columns: single-ended transmission; right columns: differential transmission; first row: signal 

levels; second row: channel; third row: No. of symbols; fourth row: bits per symbol; fifth row: settle time. 

Claims 
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A multi-level differential encoder for use in a data transmission system wherein a binary interface 
formed by a plurality (p)of binary input signals is transmitted over a plurality m>2 of transmission 
channels, p being equal to or less than im(m-1); said encoder comprising: 

means for receiving the binary input signals and deriving therefrom a multi-level interface formed 
by said, number (m) of multi-level signals, the respective multi-level signals being assigned values at 
respectively different ones of said number (m) of different levels; 

the value so assigned to any multi-level signal corresponding to an arithmetic combination of the 
binary values of a respective group of the binary input signals, such correspondence being in 
accordance with a pre-selected code conversion table; and 

means for supplying the respective multi-level signals to the respective transmission channels. 

An encoder as claimed in Claim 1, wherein the different levels of the multi-level signals are equally 
spaced from each other. 

An encoder as claimed in Claim 2, wherein the values assigned to the respective multi-level signals 
respectively correspond to the arithmetic sum of the binary values of respective groups of said binary 
input signals. 

An encoder as claimed in Claim 1 wherein said encoder comprises a succession of differential amplifier 
stages, the respective stages receiving the respective binary input signals and deriving therefrom the 
respective multi-level signals in accordance with said pre-selected code conversion table. 
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An encoder as claimed in Claim I 
transistors coupled to a substantia;!, 
both transistors of each such pair r. • 

A multi-level differential decoder fc* 
plurality (p) of binary input signals 
over said number (m) of transmit 
ones of said number (m) of differ 
comprising: means for receiving ■ 



Hn the differential amplifier stages each comprise a pair of 
slant current source, so that the total current conducted by 
-ibstartially constant. 

: " ^.smission wherein a binary interface formed by a 
-he form of a plurality m>2 of differential signals 
:•: multi-level signals having values at respective 
".) equal to or less than £m(m-i> said decoder 
; »als and deriving therefrom a binary interface 
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formed by said number (p) of binary output signals, said binary output signals being assigned binary 
SZf corresponding to the signs of the differences between the vaiues of respects pars of sa,d 

~^ene between said binary values of the binary output 

^ *A^* .Mith a nrp-^Plpcted code conversion table such that the Dinary 

binary input signals. 

A decoder as claimed in Claim 6 wherein said decoder comprises a succession of differential amplifier 
table. 

A decoder as claimed in Claim 7 wherein the differential amplifier stages each comprise a pair of 
CansisSs ^coupleTJ a substantially constant current source, so that the tota. current conducted by 
both transistors of each such pair remains substantially constant. 

A data transmission system for differential transmission of a plurality m>2 signals of transmission 
channel o t STy interface formed by a plurality (p, of binary inputs, p being equal to or ^ ess than 

r: s ^b,^^ 

^^^odeMoTreceiving from said transmission channe.s the muUi-leve. interface formed by the (m) 
transmit mullevel signals and deriving therefrom a corresponding binary mterface compnsmg a 
oluraSy 7p) of binary output signals; said decoder being adapted to determine the s,gns of he 
SSS2«2 inWof respective pairs of the multi-level signals and to assign bmary values to the 
signals corresponding to such sign differences, such correspondence be,ng ,n 
accordance with the inverse of said pre-selected code conversion table; 

^S^n^rLtace formed by the (p) binary output signals produced by sa,d decoder be.ng the 
same as the binary interface formed by the (p) binary input signals to sa.d encoder. 

0. A method of effecting differential transmission over a plurality of m>2 of ^^^"^ ^ 
w of a binary interface formed by a plurality (p) of binary .nput signals, p bang equal to or less 
than Im°m-1) such method comprising encoding the input binary interface to form a ew<^ 
muli-CeTdiierential interface having (m) multi-level signals, and transrrvttmg the respect,ve mult-level 
sianals over the respective channels; said encoding comprising the steps of: 
9 ?1) ass^ning to the multi-level signal transmitted over channel w, a value wh.ch .s at any of a 

to w m , assigning to the muiti-leve, signal transmitted over such 
channel a value which is at one of said (m) levels and which differs from the values assigned to the 
mniti-iAvpi qianals transmitted over channels wi to w M ; and 

TJZ^^w»«* transmitted over channel Wm a va,ue K whi T t w e 5,9 

remaining after values have been ass.gned to the multi-level signals on channe.s w, to w m „ 

■isssskssksssss 

conversion table. 



12. A method as claimed in Claim 10, \'>. 
(m) multi-level signals to derive (p) l 
transmitted binary interface the sarrv. 
steps of: 

(1) detecting the signs of the diff- 



>:acoding the multi-level interface formed by the 
,s which form a binary interface the same as the 
i binary interface, said decoding comprising the 

rr.s values of respective pairs of said multi-level 
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(2) assigning binary values in accordance with the signs so detected to each of the (p) binary output 
signals, the relationship between said signs and said assigned binary values being in accordance 
with the inverse of said code conversion table. 
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© Data transmission system and apparatus providing multi-level differential signal transmission. 
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© A data transmission system which provides dif- 
ferential transmission of a binary interface formed by 
a plurality of binary input signals. The binary inter- 
face is encoded by an encoder into a corresponding 
multi-level differential interface formed by a plurality 
of multi-level signals, such correspondence being in 
accordance with a pre-selected code conversion ta- 
ble, and the respective multi-level signals are trans- 
mitted over respective transmission channels. Upon 
reception at a decoder, the signs of the differences 
between respective pairs of the multi-level signals 
are detected, and in accordance with such signs 
binary values are assigned to respective binary out- 
put signals of the decoder in accordance with the 
inverse of the code conversion table employed for 
encoding. Differential transmission achieves immu- 
nity from common mode noise, and multi-level en- 
coding permits differential transmission over fewer 
channels than would be required for binary differen- 
tial transmission. 
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